Abstract -In software engineering, it is necessary to consider variables such as quality, effort, productivity, time and cost of development. Those variables are negatively affected when defective artifacts are produced. In this case, the cost of rework to correct defects increases in relation to the time of their discovery. Therefore, initiatives should be undertaken in order to find these defects and correct them as soon as they are introduced. This work proposes a mechanism to evaluate the quality goals of software artifacts by means of a quality framework. The study has the objective of organizing concepts that involve the definition of quality goals and their respective methods and metrics of evaluation and can be used to facilitate the task of defining quality plans. Besides that, the framework includes a process to evaluate software artifacts generated from a Software Process Line (SPrL). A Web tool that uses SPrL was used to facilitate the adequacy of the process to different contexts of projects.
I. INTRODUCTION
The use of software development processes adjusted to the needs of the project and of the work team has strong influence in the final quality of the produced products. This is due mainly by the fact that the process management and the search for continuous quality improvement tend to generate less defective software and within the expected patterns. On other hand, AlKilidar et al. [1] affirm that, instead of trying to measure the software quality as a whole, should be sought an evaluation of attributes that compose a product which, when combined, may offer a general notion about their quality.
Among diverse approaches described in literature to define and evaluate the quality of software products, stand out the quality models. They search to structure quality in punctual and easy factors to be analyzed and, at the same time, provide a good characterization of such elements [2] . Quality models can be used to evaluate the final product or the different artifacts produced along with the software development. Quality plans may be created from artifacts selected to compose a tailored process. SPrL turns easy the processes tailoring enhancing quality and adequacy of generated processes, decreasing the risks of an inadequate tailoring and even potentializing the reuse.
Software Process Lines (SPrL) imply that organizational process may be organized according with their similarities and variabilities, allowing the composition of processes based in projects specific needs [3] . In this work, the reuse of elements applied to create a quality plan and the composition of processes are supported in a process line based in the context of the project.
In this sense, this work presents an approach to the evaluation of artifacts generated and/or transformed by several activities that compose a tailored SPrL. The approach has the finality to detect and correct possible problems or defects found previously their spread, reducing rework and improving the quality of final products. The proposal is based in a quality framework, structured from a metamodel that relates the evaluation process to the characteristics that involve the artifacts, such as their purposes, interests, methods and metrics. This work also uses lessons learned to form a repository able to help future evaluations of quality artifacts.
This article is organized as follow: in Section II it is presented important concepts to the understanding of this work. In Section III it is described an overview including: a) a metamodel to evaluate artifacts in tailored software processes, b) an approach to generate tailored software process lines and c) evaluation process of artifacts using a tailored software process line. In Section IV, a case study to illustrate the use of our approach is presented. In Section V presents final remarks and some future steps of this work are also discussed.
II. BACKGROUND
Approaches based on knowledge reuse are widely used on software process tailoring, with the purpose of decreasing delivery deadlines and costs, aside from improving the final product quality [4] . The adoption of SPrL allows us to leverage the reuse of individual process components for full process architectures, comprising several inter-related components [3] [5] [6] . Afterward that, the objective of elaborating consistent processes, once several tailoring approaches are limited to selecting the elements for the process according to the characteristics or the product, and there is no worries with the sequencing and consistency of the generated process. Authors like Jaufman and Munch [7] , Washizaki [5] and Barreto [6] propose the use of SPrL as a way to make possible the reuse of software process components.
At the same time, it is believed that to achieve a final product adequate to the project requirements, the quality should be evaluated along the whole software development process. Quality models are, in general, classified as Hierarchical Models, Conceptual Models and Context Models. The Hierarchical Quality Models describe the relation among a fixed group of high level quality factors, product attributes and appropriate metrics to achieve these factors [8] . They are organized in pillars which are decomposed and refined in specific quality attributes, capable of being evaluated quantitatively by appropriate metrics. The most relevant hierarchical models to this research which, at the same time, where useful as theoretical foundation to the development of others more complex and elaborated models aside from standards and international quality patterns are: the ISO/IEC 9126 [9] , the McCall's quality model [10] and Boehm's [11] .
The Quality Conceptual Models are used not only in the process evaluation, but as for the development environment as a whole [12] . However, this approach allows not only the evaluation of artifacts, but also the development of team knowledge, the modeled domain, the modeling languages, as for many others aspects that involve the software process building. Two of the most important proposals around the Conceptual Models are the Lindland et al. [13] and Krogstie et al. [14] . Although the conceptual models may have a high level of abstraction and, therefore, it is more difficult of being practically applied, they can become a good alternative to formalize quality intentions. Other studies have also been proposed to improve the software products and processes qualities during time. These works approaches the evaluation of quality in scientific contexts, normally by means of a framework instantiated from a quality metamodel.
III. PROPOSED APPROACH OVERVIEW
This work presents an approach of quality evaluation of software artifacts generated from a tailored SPrL. To achieve this goal, in this section are described: a metamodel with the objective of organizing quality concepts, a systematic process tailoring using SPrL and an evaluation process.
A. Metamodel of Evaluation of Artifacts in Tailored Software
Processes The metamodel (Figure 1 ) has the objective of helping who is interested in an adoption of a common vision about the requirements of quality intended for a specific project, at the same time that allows a structured decomposition of elements, concepts and relationships necessary to this vision. The metamodel definition was based in three basic requirements, proposed by Trendowicz e Punter [8] , which are: flexibility, reusability and transparency.
The created metamodel, called Quality Metamodel for Tailoring Process (QMTP), represents a group of elements considered pertinent for the quality evaluation of software artifacts. The structure, illustrated at Figure 1 , as well as its relations, was made from the quality models described in the Section II, and aims on organizing the evaluators' knowledge in the search for evaluation metrics and methods which better represent its quality purposes. The metaclass Approach is specified to represent instances of different methodologies or paradigms that can be used in the software development. QualityGoal is the definition clear and comprehensible of which attributes or quality characteristics of a certain stakeholder is interested for a certain software artifact. These goals are specifics for each Artifact. For example, a Use Case Model has as main objective the comprehension of software requirements, while a source code must be complete and consistent. Therefore, in the context of this work, an artifact is basically associated to the delivers which occur during a software process and the propose of formalizing these elements aims, first, at determining which of them can identify the expected quality needs for the product based on the stakeholders expectations.
Thus, to facilitate the evaluation process tailoring and organize the artifacts based on organizational standards, the metamodel allows that the quality goals can be identified by a QualityType. That helps to architecture it on different abstraction levels, which can be created by the evaluation team based on some of the existing models. The ViewPoint metaclass is used to identify the stakeholders interested in intended quality goals.
At the same time, the Purpose metaclass has the objective of identifying the purpose that describes the artifacts' intention inside software process life cycle, together with the reason why it should be evaluated. The EvaluationMethod can be quantitative or qualitative and it identifies how a certain quality goal may be evaluated. These methods are widespread to support specific methods (for example, simulations, inspections, checklists) as well as specific Metric, for example, NUC (number of classes per use case) or NCU (number of use cases per class) for UML models or KLOC (number of errors by a thousand code lines). For this, each metric is defined based on a unit and in the minimum and maximum limit values and a value known as acceptable (Limit metaclass). Each metric has its own particularities. The definition of values and unities, although recommended, it is optional and that the values attributed in the insertion of a certain metric will serve just as reference to the evaluators, which can change it at the moment in which they are defining the quality plan.
B. Support Approach in the Software Tailoring Processes
This project has begun with the work of Lorenz [15] , which objective was to define a systematic approach to the software process tailoring from SPrL and information about the projects' characteristics. The approach allows the reuse of process elements, previously defined, enabling the definition of agile and planned processes. In order to validate the work, it was developed a Web tool called Metamodel for Tailoring Process tool (MfTPt) for supporting the tailoring process, improving the element selection technique for reusable processes. This tool has two modules. The main module has all the functionalities for the creation of process elements repository, as: registration of artifacts, tasks, roles, activities, tailoring requirements, attributes for contextualization of project activities and definition of process architectures. The tailoring software process module is systematized by four steps.
1) Definition of project characteristics:
the criteria for projects contextualization were described from Octopus Model, proposed by Kruchten [16] . In this model, a software project is characterized by the following attributes: size, stable architecture, business model, team distribution, rate of change, age of system, criticality and control.
2) Selection of the tailoring requirements and of the process architecture: this step aims to select process elements that will meet those needs and incorporate them into the process. For each component defined in the architecture, activities that have similar purposes are recovered. An architecture from agile or planned approaches can be defined. It is also possible to combine the features of agile and planned methods in a unique process of development to create a hybrid process.
3) Prioritization of the activities: the components defined previously for the architecture are retrieved according to the tailoring requirements for creating SPrL. Thus, the components are prioritized by an algorithm based on the technique Analytic Hierarchy Process (AHP).
4) Creation of the tailored software processes line:
from the defined process architecture and recovered activities, prioritized and selected, there has the development of tailored SPrL according to the situational characteristics of the project. The Figure 2 shows the SPrL for the discipline of requirements. This discipline begins with the component "Inception", goes through the component "Elicitation", "Specification", "Negotiation" and "Validation". For each of these components there is one or more selected activities that contain similar situational context. In the Figure 2 , it is highlighted as an example of component the activity "Analyze the Problem". This activity is selected to be instantiated in the component "Inception", with its input and output artifacts.
C. Tailored Software Process Line Artifacts Evaluation
Approach This section describes, as part of the proposed quality framework, an evaluation process for software artifacts of the tailored line. The process has been built upon the standard ISO/IEC 14598 [17] . The objective was to organize the data, structured by the metamodel, so that the evaluators have a solid and practical reference at the time to validate the artifacts produced during the project based on quality goals they think are the most important to the final product.
As a first step to determine the quality plan, there is a need to populate the repository. The data can be extracted from many different sources, including models, specific work or even experts experience or previous projects developed by the organization. You should then define the elements of quality, and for each item there are instances already registered and the possibility of keeping each one of them or inserting new ones. In the Figure 3 It was proposed an instantiation of objects for the evaluation of models of Use Cases in order to improve communication of a software project developed under the model-driven paradigm. The goal of main quality is usability, based on internal quality proposed by ISO/IEC 9126 [9] . However, the choices of what purposes, evaluation methods, metrics and practices are best suited to each situation is the prerogative of quality analysts.
The step that corresponds to the evaluation process begins with the definition of the life cycles that make up the used process model. From each phase of the project the assessment requirements are established for the definition of the quality evaluation plan. That is, for each phase of the process life cycle, the generated artifacts are selected, and for each artifact, the evaluators define its purpose, stakeholders and related quality goals. Then there is the review of the specification that involves relate evaluation methods, metrics and practices for each selected artifact.
The last step comprises the documentation of procedures defined and that will be used by the evaluators to define the quality of the selected artifacts, that is, at this stage it produced the quality plan. The idea is that all artifacts settings and their relationships are structured in a clear and understandable way in order to guide the evaluators in quality validation. Finally, the quality plan will be stored and can serve as reference for future assessments, as the artifacts generated during a software process are similar to keeping the same development approaches and the same models of software process.
IV. CASE STUDY
In order to validate the proposal put forward in this paper, we performed a case study involving the evaluation of quality in a software project, developed by undergraduate students of Information Systems at the Universidade Federal de Santa Maria (UFSM). Though it had academic purposes, the project was implemented and deployed in a client. An incremental development process was adopted, consisting of development cycles, where each cycle in the following activities were carried out: definition and requirements analysis, design, coding and testing. The following artifacts were generated: Project Charter; UML models -Use Cases, classes, components diagrams and data model, in addition to source codes.
The project aims to develop a software to manage the payment of mentoring grants of an education institution called Instituto Federal Farroupilha (IFF). This institution has eight geographically distributed campuses. The application's goal is to computerize the management system and the payment of fellow teachers who work on campus.
The case study took place in two stages. The first involved the undergraduates who developed the project and the second had the support of students of graduate in Computer Science from the same university. Training was offered addressing concepts of quality, existing quality models, importance of assessing the quality of software products (and their artifacts as well) and the objective of this work was explained. Then, in possession of a handout provided, the project team aimed to point out, in the group opinion, what were the most important quality goals for the project as a whole and for each of the artifacts created during the project, and stakeholders roles and what means known to evaluate the defined goals.
In response, there was some compatibility between the quality goals chosen in the first phase with those presented in the second phase of the experiment. However, respondents indicated having a high degree of difficulty to suggest possible methods of assessment for each quality goal. The groups were asked regarding the importance of evaluating the quality of software products and as how much a specialized tool could help development teams in the definition and implementation of quality in these products. In response, respondents converged their ideas arguing that the assessment of quality can lead to reduced incidence of errors, reducing costs and production time and positively impact the developer organization's image. At the same time, there was consensus that an aid tool in defining and assessing the quality of software products is essential in the application of quality concepts.
V. CONCLUDING REMARKS
This work presented a proposal of artifacts evaluation process that is inserted in a SPrL tailored from the reuse of properly characterized activities. The SPrL tailored uses a process architecture for which activities to compose the SPrL are retrieved and prioritized. The Web MfTPt tool was developed to support the tailoring process, improving the technique of selecting the reusable process elements and helping the process sequencing, optimizing the resources and improving the process management. The quality plan for artifacts evaluation is developed considering the group of artifacts selected during the process tailoring process and from the reuse of instances of the quality metamodel.
The validation of the proposed approach was accomplished by means of a case study involving a software project. Between the future works, it is intended to validate the proposed approach in real projects, in addition to develop an automation of elements that comprise the artifacts evaluation plan, because it is dependent on human intervention, in other words, on the evaluators knowledge and experience.
